Integrating Virtual Reality with Use-of-Force Training Simulations by Mader, Ted
University of New Orleans 
ScholarWorks@UNO 
Senior Honors Theses Undergraduate Showcase 
5-2017 
Integrating Virtual Reality with Use-of-Force Training Simulations 
Ted Mader 
University of New Orleans 
Follow this and additional works at: https://scholarworks.uno.edu/honors_theses 
 Part of the Computer Sciences Commons 
Recommended Citation 
Mader, Ted, "Integrating Virtual Reality with Use-of-Force Training Simulations" (2017). Senior Honors 
Theses. 87. 
https://scholarworks.uno.edu/honors_theses/87 
This Honors Thesis-Unrestricted is protected by copyright and/or related rights. It has been brought to you by 
ScholarWorks@UNO with permission from the rights-holder(s). You are free to use this Honors Thesis-Unrestricted 
in any way that is permitted by the copyright and related rights legislation that applies to your use. For other uses 
you need to obtain permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative 
Commons license in the record and/or on the work itself. 
 
This Honors Thesis-Unrestricted has been accepted for inclusion in Senior Honors Theses by an authorized 



















































































































































































































































































































































































































































































































































































1	 92.36077	 1.274387948	 29.68203	 89.21679	 2.272121741	 29.3217	
2	 76.68999	 2.26369234	 30.57542	 97.34781	 0.007058844	 30.08438	
3	 69.54255	 0.173946012	 29.55234	 93.28822	 0.14598	 29.86356	
4	 101.843	 0.505350189	 31.20191	 77.61375	 1.026217515	 30.6565	
5	 66.59121	 11.54714801	 32.08922	 76.29338	 12.26386446	 31.46921	
6	 71.96516	 3.101729086	 32.72039	 87.13103	 5.263905096	 31.81596	
7	 66.74796	 4.285835635	 32.67378	 77.847	 7.380404994	 32.21828	
8	 92.206	 1.514237731	 30.68759	 92.50182	 1.872756067	 30.03473	
9	 54.05715	 2.03460883	 30.50059	 87.67895	 1.758665643	 29.80526	
10	 89.58912	 0.20347604	 32.7041	 83.19086	 0.378058451	 31.96648	
11	 85.84356	 0.217890239	 33.0517	 95.15121	 0.178347525	 31.86996	
12	 90.21457	 3.998313096	 31.72339	 90.32761	 2.304212966	 31.32727	
13	 84.39114	 0.129377925	 32.50263	 88.4671	 0.298714755	 31.72979	
14	 78.33746	 0.554526781	 30.71204	 85.19854	 0.694904573	 31.06992	
15	 85.44402	 10.53729823	 30.36633	 77.78777	 13.53612226	 30.42477	
16	 97.82346	 0.642728136	 32.68742	 87.23371	 0.240282793	 32.05889	
17	 104.13	 0.704708484	 33.0955	 96.65304	 0.529796355	 33.60346	
18	 66.8685	 0.174966849	 27.83869	 86.71173	 0.213470654	 28.05134	
19	 71.16255	 0.28133171	 31.674	 100.1707	 0.240097054	 31.28412	
20	 72.39835	 2.216489594	 32.15044	 76.23893	 2.654827589	 30.94766	
21	 76.03564	 2.962413193	 32.8247	 90.08419	 3.063555467	 32.63007	












Higher	Avg.	Heart	Rate	 6	 16	 0.0262	 Success	
Higher	Avg.	Skin	Conductance	 8	 14	 0.1431	 Failure	
Lower	Avg.	Skin	temperature	 6	 16	 0.0262	 Success	
	
Figure	12.	Results	from	numbers	of	participants	with	supporting	physiological	data.	
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Discussion	
	 The	binomial	exact	test	and	data	collected	from	surveys	support	the	following	
improvements	to	presence	by	virtual	reality	technology:	
• Interacting	with	the	environment	seemed	more	natural.	
• Controlling	the	environment	with	the	input	device	seemed	more	natural.	
• The	environment	seemed	more	consistent	with	real-world	experiences.	
• Senses	and	involvement	in	the	environment	were	heightened.	
• Visually	exploring	the	environment	seemed	easier	and	more	compelling.	
• Navigating	the	environment	seemed	more	compelling.	
• Users	experienced	more	unexpected	stimuli.	
These	improvements	to	the	visual	immersion	and	navigation	of	the	virtual	environment	support	
our	general	alternative	hypothesis	stating	that	people	experience	higher	presence	when	
interacting	with	the	simulation	using	virtual	reality	equipment.	
According	to	our	collected	physiological	data,	Users	experienced	increased	heart	rate	and	
decreased	skin	temperature	when	using	virtual	reality	controls.	These	physiological	measures	
support	the	following:	
• Users	experienced	increased	stress.	
• Users	felt	more	intense	emotions.	
• Users	reacted	to	stimuli	more	frequently	with	defensive	responses,	i.e.	fight-or-flight	
response.		
However,	the	collected	data	cannot	support	the	following	improvements	to	presence:	
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• Adjusting	to	the	environment	and	navigating	within	it	seemed	easier.	
• Concentrating	on	and	learning	new	techniques	seemed	easier.	
• The	environment	seemed	more	responsive	and	anticipatable.	
• Auditory	aspects	seemed	more	identifiable	and	compelling.	
There	are	many	potential	reasons	why	our	collected	data	does	not	support	these	
improvements.	The	most	likely	of	these	are:	
• Current	virtual	reality	hardware	limited	immersion.	Some	users	had	difficulty	adjusting	
to	unfamiliar	controls,	while	most	were	familiar	with	the	screen,	mouse,	and	keyboard.	
As	people	become	more	familiar	with	virtual	reality	interactions,	future	iterations	of	
virtual	reality	hardware	will	bring	improvements	in	this	area.	
• Users	lacked	time	to	prepare	for	the	scenario.	In	future	versions,	we	could	expand	on	
the	tutorial	to	better	prepare	users	for	interaction	with	the	virtual	environment.	
• Users	were	unfamiliar	or	fascinated	with	the	virtual	reality	hardware.	This	could	
attribute	to	difficulty	adjusting	to	new	controls	and	focusing	on	the	assigned	task.	
Conclusion	
Using	the	HTC	Vive	and	compatible	software,	we	integrated	virtual	reality	technology	
with	an	immersive	interactive	training	simulation.	My	team	conducted	a	research	study	to	
compare	the	changes	with	the	screen	and	keyboard	version	of	the	simulation.	According	to	the	
collected	data	from	presence	questionnaires,	virtual	reality	technology	brought	improvements	
to	presence	by	making	the	environment	seem	more	compelling,	natural	to	interact	with,	and	
visually	immersive.	This	improves	the	simulation’s	ability	to	elicit	realistic	behavior	in	users.	As	
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virtual	reality	hardware	continues	to	improve	and	users	become	more	familiar	with	interacting	
with	environments	using	virtual	reality	systems,	the	potential	for	this	technology	to	bring	
improvements	to	virtual	environments	will	only	increase.	 	
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Appendix	1:	Presence	Questionnaire	
• Do	you	ever	get	extremely	involved	in	projects	that	are	assigned	to	you	by	your	boss	or	your	
instructor,	to	the	exclusion	of	other	tasks?	
• How	easily	can	you	switch	your	attention	from	the	task	in	which	you	are	currently	involved	
in	a	new	task?	
• How	frequently	do	you	get	emotionally	involved	(angry,	sad,	or	happy)	in	the	news	stories	
that	you	read	or	hear?	
• Do	you	easily	become	deeply	involved	in	movies	or	TV	dramas?	
• Do	you	ever	become	so	involved	in	a	television	program	or	book	that	people	have	problems	
getting	your	attention?	
• How	mentally	alert	do	you	feel	now?	
• Do	you	ever	become	so	involved	in	a	movie	that	you	are	not	aware	of	things	happening	
around	you?	
• How	frequently	do	you	find	yourself	closely	identifying	with	the	characters	in	a	story	line?	
• Do	you	ever	become	so	involved	in	a	video	game	that	it	is	as	if	you	are	inside	the	game	
rather	than	moving	a	joystick	and	watching	the	screen?	
• On	average,	how	many	books	do	you	read	for	enjoyment	in	a	month?	
• How	physically	fit	do	you	feel	today?	
• How	good	are	you	at	blocking	out	external	distractions	when	you	are	involved	in	something?	
• When	watching	sports,	do	you	ever	become	so	involved	in	the	game	that	you	react	as	if	you	
were	one	of	the	players?	
• Do	you	ever	become	so	involved	in	a	daydream	that	you	are	not	aware	of	things	happening	
around	you?	
• Do	you	ever	have	dreams	that	are	so	real	that	you	feel	disoriented	when	you	awake?	
• When	playing	sports,	do	you	become	so	involved	in	the	game	that	you	lose	track	of	time?	
• How	well	do	you	concentrate	on	enjoyable	activities?	
• How	often	do	you	play	arcade	or	video	games?	(OFTEN	should	be	taken	to	mean	every	day	
or	every	two	days,	on	average.)	
• How	well	do	you	concentrate	on	disagreeable	tasks?	
• Have	you	ever	gotten	excited	during	a	chase	or	fight	scene	on	TV	or	in	the	movies?	
• Have	you	ever	gotten	scared	by	something	happening	on	a	TV	show	or	in	a	movie?	
• Have	you	ever	remained	apprehensive	or	fearful	long	after	watching	a	scary	movie?	
• How	frequently	do	you	watch	TV	soap	operas	or	docu-dramas?	
• Do	you	ever	become	so	involved	in	doing	something	that	you	lose	all	track	of	time?	
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Appendix	2:	Introduction	Video	Script	
Thank	you	for	participating	in	the	University	of	New	Orleans,	Computer	Science,	Police	Use	of	
Force	Simulation.	
During	your	session	with	us,	you’ll	be	interacting	with	a	prototype	of	a	police	training	
simulation	via	both	Monitor,	Keyboard,	and	mouse	and	virtual	reality	headset	with	controllers.	
The	expected	duration	of	your	session	will	be	approximately	30	minutes.	
Please	note,	depending	on	the	choices	made,	you	may	experience	violent	acts.	
	
To	start	off,	you	will	take	a	brief	questionnaire.	
Data	received	in	this	study	will	be	recorded	anonymously	using	your	participant	number.	
A	researcher	will	be	with	you	always	in	case	you	need	any	assistance.	
You	will	then	be	directed	to	your	first	round	of	simulations.	
You	will	first	play	through	a	Tutorial,	where	you	will	familiarize	yourself	with	the	controls.	
Once	completed,	an	introduction	to	the	scenario	will	appear,	and	then	the	simulation	will	
commence.	
When	the	simulation	is	complete,	you	will	receive	a	score.	
You	will	repeat	the	simulation	at	least	once,	but	feel	free	to	play	as	many	times	as	you	like.	
When	you	are	ready	to	leave,	please	tell	your	accompanying	researcher.	
You	will	then	be	asked	to	complete	a	second	questionnaire.	
Once	completed,	you	will	then	be	directed	to	play	the	simulation	again,	this	time	using	a	
different	set	of	controls.	
Just	like	the	previous	round,	you	will	play	through	the	simulation	at	least	2	times,	and	can	play	
as	many	times	as	you	like.	
At	the	end	of	the	simulation,	you	will	then	be	asked	to	fill	out	the	third	and	final	questionnaire.	
Once	completed,	you	will	be	done	with	the	study.	
	
Before	getting	started,	here	are	a	few	things	you	should	know.	
In	this	study,	we	are	using	the	HTC	Vive	Virtual	Reality	Headset,	Camera,	and	Controllers.	
Your	movements	and	actions	in	the	real	world	will	be	tracked	in	the	simulation.	
However,	with	the	headset	on,	your	perception	of	the	environment	around	you	will	be	
impaired.	
The	headset	is	wired	to	a	computer	which	may	be	a	potential	tripping	hazard.	
A	researcher	will	be	with	you	always,	monitoring	you	and	the	cable	as	you	move	around.	
Because	of	this,	we	ask	that	you	move	slowly	and	deliberately	when	you	have	the	virtual	reality	
headset	on.	
As	you	approach	a	wall	in	the	room,	a	blue	grid	representing	the	wall	will	also	appear	in	the	
simulation.	
Please	do	not	attempt	to	move	beyond	this	grid.	
	
When	using	the	virtual	reality	controls,	you	will	have	a	left	and	right	controller.	
The	simulation	uses:	
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• the	trackpad	on	top	of	the	controller	
• the	trigger	on	the	bottom	of	the	controller	
• and	either	of	the	grip	buttons	on	the	side	of	the	controller.	
	
When	using	the	Monitor,	Keyboard,	and	Mouse,	the	keys	WASD	or	Up/Down/Left/Right	Arrow	
and	Spacebar	will	be	used	on	the	keyboard.	
Mouse	Movement	and	Left	and	Right	Mouse	Buttons	will	also	be	used.	
	
Thank	you	very	much!	We	appreciate	your	participation	in	our	study!	
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Appendix	3:	Screen	and	Keyboard	Checklist	and	Verbal	Quiz	
General	Guidelines	
• You	are	the	investigator.		The	person	playing	is	the	participant.	
• You	can	answer	questions	about	the	purpose	of	this	study,	but	only	after	it	is	over	and	not	in	the	
presence	of	waiting	participants.	
• You	cannot	make	suggestions	about	what	actions	the	participant	should	take,	even	if	they	ask	
for	help	or	hints.		If	asked,	you	can	say	“I	can’t	answer	that	question	until	after	the	study	if	
over.”	
• You	can	answer	questions	about	the	controls.	
• You	can	tell	the	participant	that	the	goal	is	to	get	4	out	of	4	and	that	it	is	possible	to	achieve	this	
score.	
	
Step-by-Step	Checklist	
  Ideally,	Dr.	Ware	is	present.		At	least	one	of	the	following	people	must	be	present:	ET	Garcia,	
Dharmesh	Desai,	or	Ted	Mader.	
  The	participant	MUST	read	and	sign	an	informed	consent	form.	
  Keep	the	signed	consent	form.	
  Give	the	participant	a	second	copy	of	the	consent	form	to	take	home.		It	does	not	need	to	be	
signed.	
  Assign	a	unique	ID	number	to	the	participant	and	writes	it	at	the	top	of	this	page.	
  Ask	the	participant	to	sit	at	Computer	1	and	put	on	the	headphones.	
  Show	the	participant	the	introduction	video.	
  While	the	video	is	playing,	set	up	the	first	survey	on	Computer	2	and	enter	the	participant’s	
number	on	the	first	screen.	
  After	the	video	is	finished,	strap	the	Empatica	watch	to	their	arm.		Press	and	hold	the	button	for	
two	seconds	until	the	light	turns	green.	
  Ask	the	participant	to	take	the	first	survey	on	Computer	2.	
  While	the	participant	is	taking	the	first	survey,	set	up	the	screen	and	keyboard	simulation	on	
Computer	1.	
  After	the	participant	finishes	the	first	survey,	bring	the	participant	back	to	Computer	1.	
  Make	sure	the	image	displaying	the	controls	is	visible	on	the	second	screen.	
  Put	the	headphones	on	the	participant.	
  The	participant	plays	the	screen	and	keyboard	version	of	the	simulation.	
  When	the	participant	is	finished	with	the	tutorial,	give	them	the	verbal	quiz	about	the	controls.	
  When	the	participant	is	finished	playing,	set	up	the	second	survey	on	Computer	2	and	enter	the	
participant	number	on	the	first	page.	
  The	participant	takes	the	second	survey	on	Computer	2.	
  While	the	participant	is	taking	the	second	survey,	set	up	the	virtual	reality	version	of	the	
simulation	on	Computer	1	and	confirm	that	sound	is	coming	through	the	headphones.	
  After	the	participant	finishes	the	second	survey,	bring	the	participant	back	to	Computer	1.	
  Show	the	participant	the	Vive	hand	controllers	but	do	not	hand	them	to	the	participant	yet.	
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  Let	the	participant	know	you	will	tap	their	shoulder	to	talk	to	them.	
  Help	the	participant	put	on	the	Vive	headset.	
  Hand	the	participant	the	Vive	hand	controllers	one	at	a	time.		Make	sure	their	wrists	are	through	
the	wrist	straps	do	they	don’t	drop	the	controllers.	
  Put	the	headphones	on	the	participant.	
  Watch	the	participant	the	whole	time	they	are	playing.		Focus	on	the	cable	and	the	participant,	
not	the	screen,	whenever	possible.	
  When	the	participant	has	finished	the	tutorial,	give	them	the	verbal	quiz	about	the	controls.	
  While	the	participant	is	playing,	set	up	the	third	survey	on	Computer	2	and	enters	the	
participant	number	on	the	first	page.	
  The	participant	takes	the	third	survey	on	Computer	2.	
  Press	and	hold	the	button	on	the	Empatica	watch	for	2	seconds	until	the	light	turns	off.		Remove	
the	watch	from	the	participant.	
  Make	sure	you	have	the	signed	consent	form	and	give	it	to	Dr.	Ware.	
  Make	sure	you	removed	the	Empatica	watch	from	the	participant.	
  Make	sure	both	game	logs	and	the	Empatica	data	are	committed	to	SVN.	
  At	the	end	of	the	day,	clean	all	equipment.	
  At	the	end	of	the	day,	make	sure	the	Vive	hand	controllers	and	the	Empatica	watch	are	plugged	
in	and	charging.	
	
Verbal	Quiz	
Ask	these	questions	after	the	tutorial,	but	before	the	actual	simulation	starts.		The	participant	must	show	you	the	
answer	rather	than	just	say	it.		For	example,	the	participant	should	press	the	grip	button	rather	than	just	say	“grip	
button.”		If	the	participant	gets	a	question	wrong,	show	and	tell	them	the	answer.		At	the	end	of	the	quiz,	if	the	
participant	got	any	questions	wrong,	repeat	it	until	they	get	all	questions	right.	
	
Q:	How	do	you	walk	around?	
	 A:	With	the	W,	A,	S,	and	D	keys	or	the	arrow	keys.	
Q:	How	do	you	draw	the	gun?	
A:	Left	mouse	button.	
Q:	How	do	you	raise	the	gun?	
	 A:	Left	mouse	button.	
Q:	How	do	you	fire	the	gun?	
	 A:	Left	mouse	button.	
Q:	How	do	you	lower	the	gun?	
	 A:	Right	mouse	button.	
Q:	How	do	you	put	the	gun	away?	
	 A:	Right	mouse	button.		
Q:	How	do	you	talk	to	other	characters?	
	 A:	Spacebar.	
Q:	How	do	you	switch	between	dialog	options	when	talking?	
	 A:	Arrow	keys.	
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Appendix	4:	Virtual	Reality	Checklist	and	Verbal	Quiz	
General	Guidelines	
• You	are	the	investigator.		The	person	playing	is	the	participant.	
• You	can	answer	questions	about	the	purpose	of	this	study,	but	only	after	it	is	over	and	not	in	the	
presence	of	waiting	participants.	
• You	cannot	make	suggestions	about	what	actions	the	participant	should	take,	even	if	they	ask	
for	help	or	hints.		If	asked,	you	can	say	“I	can’t	answer	that	question	until	after	the	study	if	
over.”	
• You	can	answer	questions	about	the	controls.	
• You	can	tell	the	participant	that	the	goal	is	to	get	4	out	of	4	and	that	it	is	possible	to	achieve	this	
score.	
	
Step-by-Step	Checklist	
  Ideally,	Dr.	Ware	is	present.		At	least	one	of	the	following	people	must	be	present:	ET	Garcia,	
Dharmesh	Desai,	or	Ted	Mader.	
  The	participant	MUST	read	and	sign	an	informed	consent	form.	
  Keep	the	signed	consent	form.	
  Give	the	participant	a	second	copy	of	the	consent	form	to	take	home.		It	does	not	need	to	be	
signed.	
  Assign	a	unique	ID	number	to	the	participant	and	writes	it	at	the	top	of	this	page.	
  Ask	the	participant	to	sit	at	Computer	1	and	put	on	the	headphones.	
  Show	the	participant	the	introduction	video.	
  While	the	video	is	playing,	set	up	the	first	survey	on	Computer	2	and	enter	the	participant’s	
number	on	the	first	screen.	
  After	the	video	is	finished,	strap	the	Empatica	watch	to	their	arm.		Press	and	hold	the	button	for	
two	seconds	until	the	light	turns	green.	
  Ask	the	participant	to	take	the	first	survey	on	Computer	2.	
  While	the	participant	is	taking	the	first	survey,	set	up	the	virtual	reality	version	of	the	simulation	
on	Computer	1	and	confirm	that	sound	is	coming	through	the	headphones.	
  After	the	participant	finishes	the	first	survey,	bring	the	participant	back	to	Computer	1.	
  Show	the	participant	the	Vive	hand	controllers	but	do	not	hand	them	to	the	participant	yet.	
  Let	the	participant	know	you	will	tap	their	shoulder	to	talk	to	them.	
  Help	the	participant	put	on	the	Vive	headset.	
  Hand	the	participant	the	Vive	hand	controllers	one	at	a	time.		Make	sure	their	wrists	are	through	
the	wrist	straps	do	they	don’t	drop	the	controllers.	
  Put	the	headphones	on	the	participant.	
  Watch	the	participant	the	whole	time	they	are	playing.		Focus	on	the	cable	and	the	participant,	
not	the	screen,	whenever	possible.	
  When	the	participant	has	finished	the	tutorial,	give	them	the	verbal	quiz	about	the	controls.	
  When	the	participant	is	finished	playing,	set	up	the	second	survey	on	Computer	2	and	enter	the	
participant	number	on	the	first	page.	
	
30	
	
	
  The	participant	takes	the	second	survey	on	Computer	2.	
  While	the	participant	is	taking	the	second	survey,	set	up	the	screen	and	keyboard	simulation	on	
Computer	1.	
  Make	sure	the	image	displaying	the	controls	is	visible	on	the	second	screen.	
  After	the	participant	finishes	the	second	survey,	bring	the	participant	back	to	Computer	1.	
  Put	the	headphones	on	the	participant.	
  The	participant	plays	the	screen	and	keyboard	version	of	the	simulation.	
  When	the	participant	is	finished	with	the	tutorial,	give	them	the	verbal	quiz	about	the	controls.	
  While	the	participant	is	playing,	set	up	the	third	survey	on	Computer	2	and	enters	the	
participant	number	on	the	first	page.	
  The	participant	takes	the	third	survey	on	Computer	2.	
  Press	and	hold	the	button	on	the	Empatica	watch	for	2	seconds	until	the	light	turns	off.		Remove	
the	watch	from	the	participant.	
  Make	sure	you	have	the	signed	consent	form	and	give	it	to	Dr.	Ware.	
  Make	sure	you	removed	the	Empatica	watch	from	the	participant.	
  Make	sure	both	game	logs	and	the	Empatica	data	are	committed	to	SVN.	
  At	the	end	of	the	day,	clean	all	equipment.	
  At	the	end	of	the	day,	make	sure	the	Vive	hand	controllers	and	the	Empatica	watch	are	plugged	
in	and	charging.	
	
Verbal	Quiz	
Ask	these	questions	after	the	tutorial,	but	before	the	actual	simulation	starts.		The	participant	must	
show	you	the	answer	rather	than	just	say	it.		For	example,	the	participant	should	press	the	grip	button	
rather	than	just	say	“grip	button.”		If	the	participant	gets	a	question	wrong,	show	and	tell	them	the	
answer.		At	the	end	of	the	quiz,	if	the	participant	got	any	questions	wrong,	repeat	it	until	they	get	all	
questions	right.	
	
Q:	How	do	you	walk	around?	
	 A:	By	walking	around	the	room.	
Q:	How	do	you	draw	the	gun?	
A:	Right	grip	button	while	hand	is	at	your	side.	
Q:	How	do	you	fire	the	gun?	
	 A:	Right	trigger.	
Q:	How	do	you	put	the	gun	away?	
	 A:	Right	trigger	while	the	gun	is	at	your	side.		
Q:	How	do	you	talk	to	other	characters?	
	 A:	Press	the	trackpad.	
Q:	How	do	you	switch	between	dialog	options	when	talking?	
	 A:	Tap	the	trackpad.	
